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Iron dominated magnets (Figure 1) are characterized in the limit of 

ir~ffinite peraeab5lity by a pole shape that is a magnetjc equipotential 

p;+re \I = ;fi-ds. Deviations from this ideal because of finite permeability 

et-~ ~sseci~tsd with:. dffferences in path length, local saturation, flux 

ctrtc=,,,, b” IJ4 -r-r=+;rr) in siotted poie (Figure 2) if crene?lation is used, and sub 

- . , C"'fECE :'olos. -4. 

,- ,Lr moderate field ievels the variation in flux path length throuGhout e 

lcqr ;at:‘is. ,E,s the excitation increases the permeability is lowered in 

rre'ons of high flux density. Crenellation in this region offers some 

&grse sf control over the permeability by concentrating the flux. To a 

lesser degree sub surface voSds can be used to control the reluctance of a 

-’ 3 I rux path. The net result suggests that the shape of the effective air 

sop can be adjusted to be a ma:gnetic equipotentjal sensibly equivalent 

to the ideal pole shape for infinite permeability. 

CrEneilEtion 

Creneiiation descritjes the cross sectional shape of a slotted pole the 

magnetic consequences of which,are used to control the effective air gap. 

Longitudinal crenellation uses two'types of leminations. One shape is 

determined'by infinite permeability considerations and the other by the 

Snclusion of path length arid local saturation effects. In stacking the 

mal;net a few laminations of the first shape are foilowed by several laminations 



a = c . ttz <r-r-PO shape. - - c v 8 This pattern is repzt& throughcst the magnet length. 

Tr~ns\:erse crenellatien uses a single IaminatSor, .in ;;lhich a set of pro- 

rrusicns toward the median plane is deter;cined by the effective air gap 

assuming infinite permeability (~3 in what follows). Another set of re- 

cesses has its level determined by path length and local saturation effects 

( yj in what fol Tows). In practice parameterized shapes yb and ye (see Table 1) 

are used to express these curves. Trial and error adjustments of,tbe parameters 

2 w-c ci b -3.i,: until a reasonable compromise Ss obtained. 

Since longitudinal crenellaiion is a 3D caiculat'cr,al problem, whereas 

f ,- - -. C.._ -~c~$;-se crenellaticn 5s a 2D Sproblen, only the transverse case is explored 

-A CL ;!-esent . 

Cince P siotted 2ule i:s used in crenallatScn it is necessary to know the 

f- a 7 .' , = L i 'M f: ircn in the i;'p to afr in the slot. This may be characterized in a 

<-T,c’; r- “Cclp 
-I..r”i;. ::Ic.,:,c. by a stacking factcr in the region to be crenellated. POISSOM 

. .- \i = s ‘j’s E d t ‘r determine 2 ctccking factor in the pole shim region that gave 'a 

signSfScant improvement in field quality of 30 kC. Starting from STACK = -9 

an appreciable change occurred only when STACK wzs less than -5. It was decided 

. I XEi this smooth approximation to crenellation did not contain enough of the 

physics to continue but that a reasonable starting point might be a 1~1 iron 

to air ratio. 

Exploratory calculations were made using LINDA. For accurate estimates at 

lEES’- tw= mesh units are needed both in the air end in the iron for each cre- 

neiiation. The best results were obtained using a l/32 inch mesh size with 

? 2 zes h units of iron and 5 mesh units of air describing the slotted pole. 

LIsing KSIKL = 0 and NSIKL'= 4 for the low field and high field results the 

r. ; *- - rameters for v -D and yT were obtained as recorded in Table 1.. 

Raving determ'rned good low field and high f'leld prcperties POISSON was 

uc_rc: to explore intermediate cases. Although the low and high field 



exf-j;atG7 ,I,ns both q-ive rEther good fieid quality in a$reem;lent with LZ1;DA, 

a'r, b‘I 2 <T,tEry,ediate exci'- &a ,LcLlons 9ive significantly poorer field quality 

(figt.'res 3 -3 end Table 2). Possibly the inclusion of.more parameters such 

as variable spacing and tapering could improve the quality for intermediate 

cases without destroying ihe low and high field cases. 

TWO Current Dipole 

Since the 30 kG magnet envisaged is closer to be.<ng iron dominated 

than conductor dominated it is possible that a geometric21 reiocation of 

conductors can contra1 the field shape as saturation develops. 

k suitable qual.ity high field czn be obtained usin a flat pole with a 

bevel ;G lxkr the tran sition to the coil window. At iov! excitation the 

poorer qgeiity field can Se sigtiificantty improved by reducing the vertical 

hg:i~ht ci t:i~ coil Thus by usinq two separate excitation coils an iron 

sht;e czn te fcund that yields good fieid quaiity at both hish and low 

excitatiqns. Furthermore,interned!Ete exci*- Lcticns can tiso be of good quality 

by fractionally (f) exciting the second coil with respect to the first. 

L!W. WES used to determine the iron shape and,coil disposition for 

I\'SIKL = D and NSI?:L = -4 that satisfied the good field quality requirement. 

For this iron shape and coil disposition POiSSON is then employed to 

determine the fractional excitation that gives acceptable fields. These 

results are shown in two stages. Figures .(5-6) and Table 3 result from 

inputting the geometrical iron shape and coil, disposition determined by 

LIMDS. In this sequence,..however, only the fSrst coil is excited in order 

that one may compare with the next sequence in which the second coil is also 

excited 

The final sequence has the fractional excitation (f). optimally adjusted 

for each case and varies from f = D for the low field case to f = l.for the 

hi?h field case. These results are given in Figures (7-8) and Table 4. 





30 kG 

75 k/-!-Turns 

40 
1875 A 

.05 in. by -05 in. 

750 kA/in* 

716.25 kAfcm* 

1162.5 A/mm* 

2350 A 
940 kR/in* 

145.7 k!,/cm* 

is57 R/m!* 

- .-^‘- -;-em. 5, =.:=: l zc=c 

TK L!,rrezt 
30.9 kG 

39.8 kG 

(1 in A-Tarns anti f is relative density) 

+7.x, ?htSCh. _ privste co.munication 



\ 

\ 

i 

I 

I 
I 
t 
I 
I 

x 



. . 

I . . . . . . . -...- ..-..... . . . 

. . . . . . . . . . . ...*. . . . . . . _ . . . . . . . . 

-.-.. . . . . . -._ ..__,. 

- ---- 



0 n m w Q w 
0 N u-l P w l7 
000000 
0 0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 z 0 

. . . . . . 
I .I I I 

0 - d i-l m  
0 w l-2 m  lv LG 
0 m  m  “9 CJ 
0 I= b-l m  w 
0 =: 0.0 0 0 
000000 

. . . . . . 
I I* I I I 

0 0 m w 0 i-i l-3 L!! !G. z 0 P 
sr 

yc L’) 
0 0 r-5 w 2 
0 c t-l 
0 0 z z z 0 

. . . . . 
I I I I’ 1. 

000 nt--lm 
0 b I+ ‘T; c, w 

z 
0 m  L1 r a 

d N f w 
0 z 0 0 0 0 
000000 

. . . . . 
I I I I I’ 

0 
0 
0 

z 
0 

. 

l-7 w 
I-- -W 
0 
0 z 
0 0 
0 0 

. . 

w m 
2 m 

w 
r! rt 

. . 

=. 
rl 0 

z 
0 
m  

0 . 

z 
0 

. -9 
I IJ 

rl 

? 
E 

0 cz1 

Q  w 7 m  m  
0 0 c-4 w 0 
0 
0 2 

r- m  N 
0 0 ‘0 

0 0 0 0 f: z  Ei 
r; . . . . 

I I 

0 t-l w In w 
G\ w m. w 

z I- w F N 
0 w 0 0 0 
0 0 0 0 0 
0 0 0 0 0 

. :. . . . 
4 4 I 

z 
w -cJ r- 

: n: w w 
0 w w m  
0 N & 0 0 
0 t-l 0 0 0 
0 0 0 0 0 

. ‘. . . . 
l-4 I I . 

0 
0 
0 
c  
0 
0 

. 
ri 

0 
0 
0 
0 
0 
0 

. 
Fl 

s  l-i 

I+ 
W  
l-4 
0 
0 
0 

I’ 

l-l 
P 
W  

iz 
0 

. 
I  

m  

F 
c-l 
“3 

z 
0 

. 

iD 
w 
L.9 
0 
0 
0 

. 

m  





----.-.-.....dw---w 

Coil .l. (A-TUl-J lS/]~O 3.C3) 

Coil 2 (A-Turlls/pOlC) 

central Field (G)  

An1pfilc 

Median J?lane Field (hB/no) 
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